Since the end of the 17th century a considerable number of important mathematicians contributed to the development of the Fractional Calculus (FC). More recently, in the last decades of the 20th century, it has been found that the dynamical behavior of many complex systems can be properly described by fractional order models. Due to the extensive applications of FC tools in engineering and science, research in this area has grown significantly all over the world.
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The special issue on ''Advances in Fractional Dynamics and Control'' of the Journal of Vibration and Control includes a selection of 16 papers, encompassing some important areas of current research on dynamics and control of fractional order systems. The papers of the present special issue can be categorized as follows:
-Fractional partial differential equations and Hamiltonian systems; -fractional order modeling; -fractional order control systems; -numerical computation and applications. Bhrawy et al. (2015) present a new numerical algorithm to solve the two-sided space-time fractional advection-dispersion equation by using a spectral shifted Legendre tau method in combination with the derived shifted Legendre operational matrices. By selecting Legendre polynomial degrees, they get very accurate approximations, demonstrating the utility of the new approach over other numerical methods.
Atangana (2015) extends the equation describing the groundwater flowing within a leaky aquifer to the scope of the fractional order derivative. The author derives the solution of the extended equation with an iteration method. Then, the stability of the method and also the uniqueness of the special solution is presented. Furthermore, the author makes use of the Laplace transform, the Boltzmann and the separation methods to derive the exact solution of the extended equation. Nyamoradi and Zhou (2015) adopt variational methods to investigate the existence of solutions for a class of fractional Hamiltonian systems involving Liouville-Weyl fractional derivatives. The main idea is to find solutions of a given boundary value problem by looking for critical points of a suitable energy functional defined on an appropriate function space.
Lopes et al. (2015) apply electrical impedance spectroscopy to determine the electrical impedance spectra of four vegetable specimens and use FC tools to characterize the experimental data. The obtained results demonstrate the ability of fractional-order models to describe easily real-world biological systems. The potential applications of the proposed methodology will range from product storage and processing, up to agriculture and technology development, and several other biological products, such as biological tissues and fluids.
In order to solve some analysis or control problems for fractional order models, integer order approximations are often used. However, in many works, approximation error is not taken into account, leading to results that cannot be guaranteed for the initial fractional order model. Sabatier et al. (2015) provide a new methodology that takes into account approximation error and leads to rewriting the fractional order model as an uncertain integer order model.
The dynamics of surface run-off exhibits scaledependent anomalous behavior due to heterogeneity present within natural systems, including spatial variations in surface topography and soil hydraulic properties which may not be efficiently captured by traditional modeling approaches. Zhang et al. (2015) develop a new theoretical framework based on stable laws and builds non-local transport models for surface run-off to account for the impact of system heterogeneity (such as topography and soil properties) and scaling. Numerical methods are then developed to generate solutions to the governing equations and investigate the performance of the proposed model.
Lan and Liu (2015) develop a LQR-based technique to obtain the optimal repetitive controller for fractional-order linear systems. Using fractional variational principle, the analytical solution for optimal repetitive controller is presented and the parameters of both the feedback controller and dynamic compensator are designed simultaneously. When the system is not exactly at the middle of the control process, new tuning parameters are introduced to modify the algorithm. Simulation results demonstrated the validity of the proposed method.
In order to track the discontinuous reference trajectory accurately using a few iterations in a finite time interval, Liu et al. (2015a) design a P-type iterative learning control law with initial state learning for a non-instantaneous impulsive fractional-order system. Then the convergent sufficient conditions of openloop and closed-loop iterative learning schemes are established. Numerical examples are also given to illustrate the theoretical results.
Lazarevic and Tzekis (2015) present a robust secondorder feedback PD a type iterative learning control for a class of uncertain fractional-order singular systems. Sufficient conditions for the robust convergence of the proposed PD a type of learning control algorithm, with respect to the bounded external disturbance and uncertainty, have been established and specified for time domain. Finally, the theoretical results have been verified through numerical simulations. Muresan et al. (2015) propose a fractional order controller for solving the vibration suppression problem in civil structures. A laboratory scaled steel structure, with one floor, modeled as a single degree-of-freedom system is used as a case study. Two passive control solutions are proposed: a tuned mass damper and a viscoelastic damper, the latter being modeled using fractional derivatives. The novelty of the paper resides in the tuning approach, as well as in the proposed active control strategy that is based upon combing viscoelastic dampers, described using a fractional order model, and a fractional order controller.
The fractional-order van der Pol (vdP) oscillator, which is a typical self-excited system containing fractional derivatives, has increasingly stimulated the interest of many researchers. The existence and uniqueness of its limit cycle (LC) remains an open question. The major purpose of the study by Liu et al. (2015b) is to reveal the initial conditions independence of the LC. In order to solve the considered system accurately and efficiently, authors propose a modified predictorcorrector numerical algorithm and a semi-analytical approach based on the homotopy analysis method. Numerical examples show that, similar to the integerorder vdP oscillator, the phase trajectories starting with different initial conditions converge to the same LC as the solution domain is long enough. It is also found that the convergence rate strongly depends on the initial conditions.
Blaszczyk and Ciesielski (2015) consider the fractional oscillator equation in finite time interval. The considered fractional equation is transformed into its corresponding integral form, by using the symbolic calculus method, in which the binomial expansion of the inverse integral operator is used. The authors introduce a new fractional integral operator and propose numerical algorithm to approximate the solution.
Chaos in fractional differential equations has gained much attention and some real applications. Wu et al. (2015) use the chaotic time series of fractional order in the scrambling technique to design a novel image encryption scheme. The fractional difference order and the chaotic coefficient play crucial roles in controlling chaotic behaviors. Then the authors present the steps of the image encryption using the fractional chaotic series and analyses the encryption results. Sierociuk et al. (2015) present a method for including initial conditions in recursive constant and variable fractional-order derivatives. The initial conditions are assumed to be in the form of a time-constant function. The numerical scheme for solving fractional-order differential equations, given in the matrix form, is presented as well. Sibatov et al. (2015) provide indication of the general aging level of the oil-paper insulating system by fractional analysis of the measured polarization/ depolarization currents. The authors show that fractional formalism provides useful parameters characterizing the state of the insulation system, which can be extracted from polarization-depolarization current measurements. Then, adequacy of the technique is examined by comparison of theoretical and experimental results for oil-paper, and ultra-capacitors. Rossikhin and Shitikova (2015) consider the rod with a flat end and the rod with a rounded end respectively. In the first case, the problem of defining the contact force is linear one, and the Laplace transform technique is used for its solution. In the second case, the contact force is determined via the Herz contact theory, and the operators entering the contact force are decoded with the help of the algebra of Rabotnov fractional operators. As a result, a non-linear integrodifferential equation is obtained in terms of the value of the local bearing of plate and rod's materials, which could be solved numerically. The time-dependence of the contact domain is obtained numerically at different magnitudes of the fractional parameter which defines the order of fractional derivatives.
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